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First Interim Report

Contractor' Rensselaer Polyteonie Institute

Agency: Office, Chief of Ordnance, GODTR-Oannon

Ordnance District! Rochester

Contract Number, DA-3O-II5-ORD-324

W.A.L. File Number: WAL 340/33-19

0.0. Project Number: TB-I461B

Title of Project: Chromium-Nitrogen and Chromium-

Oxygen Equilibrium Systems

Obloct!

To Qtuiy the behaviour of Pure chromium metal "hen

heated in atmoesheres of oxygen and nitrogen and to obtain

data to Plot a constitution diagram for the chromium-oxygen

and chromium-nitrogen system.

Summary:

ADparatug for the preparation of Cr-O alloys

below the dissociation pressure of Cr 2 0 3 has been improved

to the Point where a range of comPositions can be Produced

in the single Phase oC -Cr region of the diagram. A vacuum-

fusion analysis system is noW being uqed successfully to

analyze these all.oys for oxygen. To date sufficient results

have been obtained at 1725OF to tentatively fix the

solubility limit of oxygen at this temperature at 0.45 to

0.49 -t. %. Further experiments with high oxygen containing

-v•
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atmospheres indicate that only the oxide Cr 2 03 is formed.

Attemotn to experimentally establish the diasociation uvressure

vs. tempersture curve for Cr 2 0 3 by means of "brackettingTM

the temperature at verious partial Dressures In the dissocia-

tion range Droved to be time onnsuming and Insensitive.

However results indicate th-t calcul-ted curves published

by Lustman are too low.

For the Cr-N sv'tem, both aniaonia-helium atmos-

oheres and nitrozen-helium atypos'heres are being used in

conjunction with thp micro-VJehda1hl method of anslysis tn

vroduce isotherms. Two of these at 1652OF (9000C) are

nufficiontly corwlete to give information about the con-

stitution diagram. With the WH3 atmosnheres high nitrogen

contsininE alloys are obtained which establish the boundary

of the Cr 2 N Dhase at aDproximately 11% nitrogen by weight

Pt this temperature, which is in ke-pino with the Stoichio-

metric ratio. "wIth the nitrogen atmospheres low nitrogen

alloys arp obtained. Dsts )resentpd for this isother-m are

inpufficient to definitely establish a uoint on the di-ir.js.

A high tewMpereture furnace has b-en constructed enabling

studies to be madle UD to 3000ODF,

Coinci(ent with thr isotherm studies the effect of

tire of treatment on apnroach to equilibrium won studied.

These results Indicate tha9t Dractical equilibrium can be

approached by anorouriate treatment.
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Some hardness surveys of nitrided solid sPecimens

are Presented to indicate the relative Properties of the

nitride Phases.

Studies of weight changes during nitridIng Indicate

that this method is ins-nsitive as a means of locating phase

boundaries.

Conclusions:

1. Chromium dissolves avwroximately one half of

one Percent of oxygen by weight at a temperature

of 17250F. (940oC).

2. The oxide Gr2 O3 is the only intermediate chane

on the chromium-oxygen constitution diagram.

3. The Cr 2 N Phase exhibits low solubility for

nitroizen around the iAtoichiometric ratio.

4. The dissociation urepsures of the CrN Phase

and Cr 2 N Phases at 9000C aoDear to be close

to each other.

5. Armonla atmosoheres Producp high nitrowen

content in chromium whereas molecular nitrogen

atmosoheres Produce low nitrogen content.

6. The structure and dimensions of the Cr 2 N Phase

are very similar to those of so-called

hexagonel chromium as report-d in the literature.

7. Nitriding solid chromium specimens vroduces a

very hard and corrosion resistant case.

Authorq:

John N. Ramaey, Henry Hahn and Arthur A. Burr.
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SCOVE OF REPORT

This resort covers work done under Contract No.

DA-30-115-ORD-324 between the dates July 1. 1952 and

December 31, 1952. This in a continuation of work begun

under Contract No. DA-30-II5-ORD-116.

An there is little corrplation between the be-

haviour of chromium in the two different atmospheres, the

procedure of Drevious reDorts has been followed in dividing

the main portion of the reoort into two sections as follows:

Part A* The Chromium-OxyRen System

Part B: The Chromium-Nitrogen System

INTRODUCTION

'Preliminary work on this oroblem, which included a

survey of literature, construction of avoaratus and

establishment of techniques was carried out under the Drevious

contract rpferred to above and is described In the final

renort on this contrget under W.A.L. File No. 340-33-12.

For convenience in introducing to the work in this retort,

brief referenca will be made to this material.

As oreviouRly indicated, one of the most generally

used methodn for the determinqtion of metel gas equilibria

is the "isotherm method". Since the work described b,low

makes extensive use of this method, it will be briefly

reviewed. For purposes of illustration, the chromium-oxygen
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system will be used, although the ohromium-nitrewen system

would serve equally well.

This procedure can best be illustrated by a diagram

as in Figure 1. Several equilibrium alloys, formed at a

temperature T1 , but at various oartial presaures of oxygen

less than that necessary to form Cr 2 0 3 would, if analyzed

for dissolved oxygen, give data which could be plotted as

partial pressure oxygen in the gas vs. vgt. % oxygen

dissolved In the chromium. The intersection of this curve,

which would have to be slightly extramolated, and the partial

pressure of oxygen necessary to form Cr 2
0

3 at Ti would give

a Doint on the solvus curve. Other lines on the equilibrium

diagram, if they exist, cen be located t.n a similar manner.

The details of using this Drocedure for each of the two gas

svytems involved will be described in the amronrisete

section of the report below.

Thprt A

The Chromium-Oxywen iyWtem

Introduction:

Brieflv, the facts from Dravious work on this

rystem whidh became the ctarting Doint for this remort are

outlined below.

A literatur= surv:y cstablished that Cr2 0
3 was

the only oxide to be expected at temperatures gr'ýater than

7""-,



10000F, This was verified using cure oxygen for temperatures

ranging from 1500-2200OF (820-1210oC) for 18 hours.

A transformation of chromium from Body Centered

Cubic to 9 Hexagonal Close Packed structure was found to

appear when Dure chromium was heated in a hydrogen atmosphere

at temperatures greater than 1800OF for long periods. This

led to the decision to utilize oxygen from the dissociation

of water vapor in an Inert gae such as helium instead of

using hydrogen atmospheres.

The partial pressure of oxygen at varioug tempera-

tures due to the dinsociation of Dart of the water vapor in

heliur of various dew points was calculated, and comnared

with the conflicting dissociation Pressure curves of Cr2 03

vs. temperature from the literature. These calculations

showed that gas of dew point better than -600F to -00F

would be required to maintain oxide free chromium from 1600OF

to 210noF respectively,

AIRCO XX welding grade helium was found to have

cew points -ell within this range. However, to maintsin'

this dew point in the furnace and to hsve a combustion

tubc of lower dissociation pressure than chromium, it was

found to be necessary to use a reuractory porcelain instead

of quartz reaction chambers, which were found to be porous.

The vacuum fusion method for analyzing oxygen in

chromium offered sufficient advantages that annaratus was

designed and constructed.

9



The continuation of this investigation Is described

in the following pages. This work can be divided into 3 Darts"

1. production of oxide-free, low oxygen chromium

alloys at varying partial pressures of oxygen

along isotherms

2. determination off "he dissociation pressure curve

of CGr20 3

3. chemical and structural analysis of the alloys

Apparatun and Procedure*

1. Helium Distribution System

High grade new rubber and plastic tubing

were originally used to transfer the dry helium

from the tank to •Ife dew Doint indicator or to

the combustion tube. It was found that rubber

is permeable to moisture and that the elastic

is extremely difficult to dry out by flushing

wLth dry 5as. Gless was utilized on.Dr~liminnry

equinment, and 'rlthoueh satisfactory, was

diecarded in fever of cooper tubing. The entire

distribution system is now of 1/4'" conner tubing

with solderles.s compression *Ittinga. All

joints are painted wit-.h glyptal, end all needle

valves are packed with a low vanor pressure

high vacuum grease. All of theQe precautions

were found to be necessary to avoid moisture

and oxygen pick-up,

10
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2. Reaction Chambers

Straight MeDanel refractory porcelain com-

bustion tubes have been emoloyed in small Kanthal

wire wound laboratory tube furnaoes to determine

the disaociation Pressure curve for Cr 2 O3 . This

is accomDlished by utilizing gas of a constant

dew point and approaching the unknown temvera-

ture of dissociation by Obracketing* from above

and below.

Two McDanel refractory ooroelain combustion

tubes were fitted with Pyrex furnace heads (1),

to allow quenching through the furnace atmosphere

into a suitable medium. One end of each com-

bustion tube was modified to fit a standard

Pyrex Pipe Flange through a gasket.

As refractory porcelain has very low thermal

shock Droperties, it was found necessary to use

sheet metal strips to move the alundum boats

into the hot zone. In this way, the edges of

the striD could heat uD very quickly to the

temnersture of the combustion tube, while

suonorting the more slowly heating boat. When

the boat had reached the temoerature of the

hot zone, the boat could be safely olaced on

the tube and the strip removed. Fig. 2 shows

schematic sketches of both types of furnaces.

11
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3. Dew Point Controller

It was found that there was insufficient

helium in one tank to allow Obracketing* of

the dissociation temperature at the fixed dew

Point of the tank. Therefore it was necessary

to have a means of obtaIninz a series of fixed

dew points ranting from about OOF to -60oF.

A controller was designed and built to allow

for humidificetion of helium as it was drawn

from the tank and its subsequent refriaeration

at a constant temperature to rive helium with

a known constant dew point. For examvle, if

ass of de- point -20OF -as required, and the

t'nks of helium to be used had dew points

rsnvina from -40 to -1250F. it would be

necessary to add moisture. raising the dew

Doint to about -10OF, then refrigerate at -20OF

to freeze out the extra water.

The trap consists of 8 feet of 1/h' copper

tubinv in a methanol bath cooled by a refrimerator

unit whose temperature is controlled by a pressure

regulator on the vacuum side of the compressor.

This control Is accurate to t O.50F.

Figure 3 shows the dew Doint controller and

the helium distribution system. It can be qeen

that the by-pass around the refrigerator coil

allows for checking the huridifier operetion. All

glass-aetal seals are made with de~hotin-ky cement.

:.--:-



4. Vacuum Fusion AvDaratus

The vacuum fusion avIuaratus has been

modified slightly, and ito range extended. The

ure-ent aDparatus is sketched in Fig. 4, and

nhotograched in Fig. 5.

A comolete procedure hes evolved and several

determinations of dissolved oxygen in chromium

hsve been made, aq well as checks on W.-.S.

Standard qteela. This nrocedure is described

below.

(a) Specimen Drenaration

Solid specimens are DreDered by the

method described by Alexander, Yurray and

Ashley (2).

Sintered oxide-free, low oxygen-

chromium alloys are Drepared by removing

the thin oxide layer, which always forms

as the alloy cools acroos the Cr 203

dionsolation presnure curve, and rinsing

in acetone.

A• chromium is not feromagnetic, It

Is necess.rv to move it around inside tl'e

losding arm by means of iron Dlu~s and

magnets. The friability of the sinteredc

chromium alloys leed to the use of soldered

sheet iron boats. The boets are weighed,

13
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chromium-oxygen alloys anecimen Olaced

inside, and the anaembly in revei~hed.

These are then manipulated in the loading

arm and emptied into the crucible by

mamnets. After analysis, the boat can be

reveeahed, and the total weight or anloy

actually drowned into the crucible *an be

c9lculated.

(b) Crucible Preparation

The crucible design and quartz thimble

loading iq according to C1uldner and 9each (3).

(c) Degassing

After the quartz thirble Is hung in

Dlace, the suecimens and a Puitable amount

of cant iron slugs for a flux bath are

loaded in the loadirg arm. The Joints are

then sealed with Aliezon wax. Deiaasing,

which is initiated with the mechaniecl

mUMDR, of course, must be done very slowly

and carefully in Ateus of less than 1 cm.

He, with sufficient tite between the steps

for the Drepaure to equellie throughout

the syntew. In this qvy, the crP- adoorb-d

and tranwed in the -200 mesh granhite

Dowder about the a-rahite crucible can core

off without blowing the powder around, and

14i
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the oressure differences throughout the

evstem are kept low epough that the

velocity of gas treng'iort is Insufficient

to blow any grauhlte out of the furnace

head and into the system.

When the aystem vacuum is below the

fore puvo requirements of the mercury

diffusion pumos, the latter c.n be turned

on. When the system has reached its

ultimate vacuum of aDoroximately 0.2

micron Fl,, heat can be awolied to the

crucible, following the agne orecautions

on gas evolution an outlined above. A

maximum tenperature of A,53 o0•4710OF

(2500-2600oC) is used for 2-3 hourn,

being limited by the softening temoerature

of the Pyrex furnace.

(d) OBlanking* the furnace

After the temperature of the furnace *

hee been cut back to 2820-3090*F (155nL-

17000C), five or six 4-5 gram slugi of

cest Iron are drooped into the crucible

and thu meplted. %umoing Is then con-

tinuei until the furnace bl~nk reaches

L.5-
2 

micron-literg/mmn, as measured In

the collection volune, Including volume V.

15
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YcLeod aaugea, and the first throat of

numin P2 " The blank gas is analyzed by

circulating throuah the conner oxide

furnace and tranning first with dry ice

and acetone and then measurinr the

Dressure of the reaidual gases then

tranning with liquid nitrogen. It is

also necesAary to know the blank from

the coouer oxide furnace through both

tymes of cold baths.

(e) Specimen Analysis

The aystem Is Pumned to about 0.2

micron or better, and S3 Is turned to

allow 'l to oumo gas from the furnace

into the calibrated volume. Then a boat

containine the chromium alloy wnecimen

is maneuvered by ragnets to the center

tube leadine to the crucible, and Is

turned over to dumn the specimen. The

gas evolved Is collected for 15 minutes,

and the oressure reed on the YcLeod gaume.

During the gas collection, the dry ice

and acetone mixture is placed on the trap.

The collected gas is then circulated

through the conner oxide furnace at 550OF

and the trap by P2 for 10 minutes. The

16



Dresnure of the remaining gas, colleoted

agein in the volume, in mpesured and the

process reoeated with liquid nitrogen

around the tray.

From the four measured Dressurea,

and the orevioualy measured blank rp.te-

and analysis, weight of the aoecimen,

teroerature of the volume, and the volume

Itself, it is oossible to calculate the

weight % hydrogen, oxygen, and either

nitrogen (in the steels) or helium (in

the chromium-oxygen alloys).

Re sults. arZ D! flscual eor.:I

1. Isotherm Alloys

Alloys for several Isotherms are being

made but, to date, only those for an Isotherm

at 17250F (910OC) have been analyzed. The

data on these alloys are listed in Table I

below:

TABLE I

IS-1'•WHE AT 17250F

Dew 'oint
Alloy No. OF w't.% 2Z In Alloy

9o-( -57 o.Wi"
60-0 -62 O.44,10.48
74-0 -81 o.42,n.46

17



Depending on which dissociation curve for

Cr 2 O0 Is used from the literature (Wulbransen-

43OF, Grube and Flad-50F), these lead to a

tentative point on the solvum curve of 0.k5 to

o.49 wt. % oxyren dissolved in chromium at

17250F.

2. Dissoclation pressure

Using 2 tanks of He which, an received had

dew Points of -62. and -81YF, 17 runs were made

in attemots to Sbracket8 the temoerature at

which dissociation took place in this atmosphere.

The results of this work indicate that the Pro-

cedure being used In not satisfactory for the

following reasons:

(a) It is a time consumpnR ooerat~on for the

small amount of data obtained.

(b) The rate of oxidation is very rapid once

it begins, making a IdisaPPearing phase'

X-rsy method Practically useless.

ýc) The only method of determining whether no

oxide has formed is visual and therefore

uncertain.

(d) As a result of b and c, results are on

the low side.

On the basis of this work, however, it Is

a-oarent that the theoretic.-l curve of Lustmsn

is low.

18



3. Chemical and Structure Analysi a

Results of chemical analysis are included

in results of 1 above. It is also noteworthy

that analyses of F.B.., 'Steels by the vacuum

fusion avoaratus are within acceotable limits.

In addition to the use of X-ray m-thods

for Dhaae detection, some meanurements of

lattice Darameter of alloys made below the

dissociation Dressure of Cr 2 0 3 were attemoted

to see if any variation existed with varying

oxygen content. Yestnurements were made on the

(211) refloction of the B.C.C. structure for

alloys prepared at 17750F (9650C) as follows:

TABLE II

Dew Point
Semole Number OF

73-0 -81
61-0 -62
83-0 mixture of chromium

and Cr 2 03 to get
oxygen solubility
maximum

No measurable changes were detected,

Hig. iher Oxygen Phases

As the Cr03 has been listed in the litera-

ture by GiTvandn et al(5) aq being nroduced from

Cr 2 03 at 9700F (5200C), several attevots were

19



made to duplicate this without success. Both

chromium and Cr203 were treated from 950OF to

12200o for iA-6o hours In both air and oxygen.

All Products were Cr2O3 . It is of Interest to.

note that several color modifications of Cr 2 03 .

blue, Purple and brown as well as green have

been observed. All have the same basic crystelline

structure, an shown by X-ray diffraction.

Part B

The Chromiur-Nitroeen System

Introduction*

As with the chromium-oxygen system, work to be re-

Ported below is based on Preliminary studies under the previous

contrect. This w,)rk led to adootion of a suitable nitriding

procedure for chromium metel and to a reuroducible metbod for

chemical analysis of samples of low and Yedium nitrogen con-

tent. Difficultv -as encountered in dissolving ramples for

analysis containing the higher n i tride (OrN). Both the

hexagonal Cr 2 N phae and the CrN Phase were properly Identified

and the X-ray powder pattern lines properly indexed. The

latter were founO to be in comnlete agreement with those

given by Blix(
6 ) and Ericson.(7)

The theoretical concepts involved In nitriding of

chromium have been discussed in previous reports. It may be

of Interest to review them briefly here as they affect the

20
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present work. Both ammonia gas a Ad oure nitrogen have been

used as the nitridina agent. The chemical equations In-

volved are

2 NH 3 = N2 +3 CI)-

for which, at any temperature T,
(bH) 3 (N) (2)

and/or

V2 2N (in Cr) (3)

for which

K - a 2 (N in Cr) (.)•N2

-here a is the activity of nitrogen in solid solution

in chromium metal.

Since the Kin are a function of temperature only,

It becomes obvious thet for experiments where the NH3 or N2

are diluted with an inert carrier gas, either ONH3 or TN2

may be plotted In making the isotherm, where these pressures

represent the partial pressures of the gases as used. Where

hydrogen is used as a carrier gRs, a smell change in the

equlibrium will result In the cone of ammonia. This will.

In aenera!, not be a large enough effect to change the shape

of a given isotherm.

21



Annaratus:

The preparation of nitrided samplss has beeA carried

out in three furnaces.

Two of these are Tanthal wound tube furnaces, which,

traveling on an overhead rail, may be removed rapidly from

the stationary reaction chamber, thus permitting rapid furnace

cooling. Each furnace is equipped with two thermocouples:

one in the winding, and one in the reaction chamber. One of

the two low temperature furnaces has a T"t - Pt 10% Rh

thermocouple that activates the temperature controller* and

a chromel-alumel thermocouple inside the reaction chamber

for measurement. On the other furnace, both thermocouples

are chromel-alumel. One repcion tube in use at present is

made of quartz, the other of YcDanel refractory or-celain.

A complete description of this apparetus may be found in

Drevious reports. The set-up has been modified to permit

aimulteneoun use oe three gases. The drying train hap been

eliminated, having been found unnecessary in v-ried ammonia

and nitrogen with helium carrier. A schematic sketch of V
the present apparatus may be found in the aenendix of the

present report.

The high temperature furnace, which is a recent

addition, has been designed to operate at temperatures in

See last report.
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the vicinity of 30000F. with a Dower consumntion of approxi-

mately 12 kw. The reaction chamber is a "McDanel Zircotubel,

having Dropertles similar to the McDanel tubes described in

the first Dert of the pregent renort, except fur better

thermal shock resistance. The furnace lae ht.qted by non-metallic

heetina elements, manufrctured b3 the Carborundum Company

"under the trade name "GlobRr". The furnac.- contains four 360

,lobaFr, and in constructed entirely of high temnerature

Alumina and insulating fire brick, The furnace atmosphere

is suDulied .nO regulated Identically to that In the two

previously mentioned furnaces. The temperature is controlled

by means of a variable renistance. The measurement of

temperature has been more difficult at the elevated temnera-

tures reached in this furnace, due to the limitations of the

common thermocouples. Hence a Leeds and Northrup Optical

pyrometer has been ervloyed, with which temperatures Rood to

aloroximately 50F arc obtainable. The terperatures were ob-

t.ined only between runs, due to the lack of DeeP holes orr

other means of observing the specimen during rung. The

temper.ture in the onen furnace has been found to fluctuate

over about 2O0F durine a 2h hour ueriod at a terperature of

2900oF.

The gases used in the present exoeriments are the

game as described In our previous report.

l'iero-Kjelo ahl Analysis

This anoaratus haR been ureviously described, The

detailed an-lyeis Drocedure as no- used Is Preoented in

the awvend ix.
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X-ray Method

The general equipment in use has been Previously

described. In all instances a Debye-Scherrer camera with

a rotating specimen mount has been used. Exposure times

of six to eight hours are necessary, using Cr1K radiation.

An aluminum foil filter has been used with good results

to reduce film background.

Exnerimentnl Drocedure?

1. Drenaratlon of Specimens for Phase Diagram work

Powder electrolytic chromium with an avnroximate

Purity of 99.5% has been used in the preparation of alloys

for equilibrium determinations.

About 1/2 to 2 gins of the above pniader In an

alundum reaction boat is placed in the helium flushed quartz

reaction chamber, while the furnace in removed. After slush-

ing for qn additional 5 minutes, the active gases. NH3 , H2 , Y2

or a combination of these is turned on. All adjustments nre

made, and after about 10 minutes, during which time the

atmosphere Inside the furnace is believed to become constant,.

the furnace, which is at the desired temperture, Is alioned

over the reaction chamber. (see Fiz. 6) The firqt temnerature

reading Inside the reaction chamber is taken in 15 minutes.,

after which time the temperature has reached its final

magnitude.

By that time the apecimena have already sintered.
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After three hours the furnace shell is removed, thus

causing the specimens to cool very raridly. After about I

minute the active gases are turned off and the reaction

chamber once more flushed. The esecimen is then removed, re-

crushed, and re-treated by reneating the above Procedure for

another three hours. After another re-crushing the nuecimen

In re-treated for 16 hours and then analyzed by means of the

Previously mentioned micro-Tjeldahl method, as well an X-ray

Powder method.

2. •revarati . of Snecimens In High TemPerature

Furnace

One or two grams of electrochrome are Placed in an

alundum bost, -hich is Pushed into the hot zone of the

furnace. The Dronerly adjusted atmosohere Is circulated

through the furnace at least 1/2 hour after insertion of the

ssv'le. Prior to closing the furnace by means of an insulat-

Ing Plug and sealing with litharge, the temperature is taken

by means of the Previously mentioned outical pyrometer (see

Fig. 7).

The time of treatment is 20 hours, which time is

believed to be sufficient for equilibrium at the high

temperatures. Uuon conmletion of the treatment the snecimen

is Pulled into the colO zone of the furnace, where It cools

within about 2 minutes. The specimen In then removed from '.

the boat, and -reDared for X-ray -nd/or YJeldahl analysis.
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3. Preparation of Specimens for Hardness

Determinati ons

Four solid chromium apecimensR have be'n treated at

iA329F. (1OnOOC) in an atmosphere of lnn% NH3 , Since the

accurate temperature controllers which are in uFe at Present

-ere not as yet available, the accuracy of the above

mentioned temperature may be considered good to only t lO0F.

The times of treatment were 65, 130, 200 and 280

hours, startine with a new specimen in each instance. All

but the 130 hour specimen were slow furnace cooled, the

1-tter receiving a rapid air qu'ench.

Each nuecimen wa mounted and prepared for metal-

lographic obsprvation, and zicro-hardness surveys. A number

of etching reagents were tried without much success, though

the nitrided region is observeble in unetched specimens.

The micro-hardness survey, usinw a Kentron Mocro-

H%,rdness Tester vns difficult due to the Porosity and

brittleness of the nitrided cese, the heavy load (1000 g)

necegsary, and the shallow cape in the first two sa~mles.

Due to the porosity and brittleneps, the averare hardness

value may be lower thqn the true vnlue. Since the case w-A

extremely shallow in the first specimen, no hardness urofile

is renorted for it.

Received through the courtesy of Y'r. D. Bloom of M.I.T.
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Prior to nitridixw, each samnle was carefully

Cleaned and the surface activated with dilute !C1.

4. Determination of the Effect of Time of Treatment

A preliminary study has been made to determine the

effect of time on the nitrogen content of a sample treated

at 18060F. in a 100% N2 atmosphere.

All samples were Prepared similary to those prevared

directly for isothermal %N2 or %NH3 vs. "%N recovered" plots,

and the -amples received the Previously described rapid

furnace quench.

5. X-ray Diffraction Studies

onot samples were Powdered to approximately 320

mesh in DreDaration to examination by means of the powder

method. X-rey Powder Patterns for the body-centered cubic

Cr, the Cr2N and CrN as well as Cr 2 % were observed as

"* described in a previous report. The relative intensitv of

* the nitride lines served as an indication of the extent of

nitriding, the dissociation temperature of the Cr 2 N phase,

and as a guide in chemical analysis.

The Powder specimens were made by extrusion. A

chromium tareet tube at a potential of 40 kv and a current

of V! to 19 ma was used. Exposures of rotating specimens

were made for 6 - 8 hours.

6, Weight Change During Nitriding

A small samule of electrolytic Cr w-A carefully

weighed in a platinum reaction boat. The sDecimen was then

treated at 1320F (1000oC) in an atmosphere of 100% NH3 for
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various periods of time. After each treatment the aasple was

reweighed and re-treated. After the final treatment the

sample was X-rayed to make certain that a cowlete transforma-

tion had taken place. The sample was then analyzed for N

by the eicro-Kjeldahl Yethod. Due to the fact that the trans-

formation wan virtually complete, the seamle could not be

"digested completely in preparation for the mlaro-Kjeldahl

analysis. The weight of the sample vs. time of treatment was

olotted.

Results:

1. Ammonia-Hydrogen Low Temperature Isotherms

"An isotherm st 16520F (9o00C) using mixtures of

NH3 - H2 was prepared. Nine aamples were treated, analyzed

in duplizate and the results plotted (see Fig. 8). Though

these sRmbles do not represent true equilibrium, since they

in all Instances contained more than one phase, the break

in the curve indicates the approximate Oissociation pressure

of CrN at 16520F. X-ray patterns of the series gave evidence

of the presence of CrN elmost throunhout the isotherm. Below

Is a table ahnwing the CN recovered, and crystal structures

encountered.

Though by means of the foregoing isotherm it wes

Impossible to gather information regardirin the dinsociation

'reosure or composition of the Cr 2 N phase, it appears thAt

the sinale DhAse Cr 2 N region begins in the vicinity of 11% N

28 '-
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TABLE III

r 11i(atm.) Vt% N Q~~ rN BCC (a1 ha CrA

.006 none some some

.009 10.56 - 10.77 none some some

.010 11.42 - 11.58 9 most none

.015 8.25 - 8.26 none most -

.022 faint most none

.032 11.70 - 11.85 faint most ?

.074 13.40 - 13.-4 some most none

.150 16.34 - 139.J& some some none

.177 19.20 - 21.40 most some none

by weight. As there apnears to be no evidence of a change

In shaDe between 11 and 21%, It is safe to assume that the

solubility of Cr2N for nitrogen is low.

Simult.neously with the above, another Isotherm

wap made at lA320F (100o0C). This Isotherm consisted of

only 5 -am-les. The work was not Dursued further due to

the presence of CrN even at extremely low pressures of NU3 .

The table below gives the resultn of this series.

TABLE IV

pUp VH3 (atm.) Wt.% Recovered Cr1 Cr 2N BCC (alpha Cr)

703 ?.11 - 7.10 none most some

.015 10.70 - 10.83 ? most none

.074 13.14O - 13.14 some most none

.084 11.44 - 12.92 some most none

.177 19.20 - 21.40 most some none
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The above Isotherm will be continued later to give

the dissociation pressure and composition of the CrN phase

at the Isotherm temperature.

2. Nitrogen-Hydrogen Low Temperature Isotherm

Another isotherm was produced at 16520F (9nnoC)

using N2 - 12 atmospheres. An had been determined previously,

nitrogen is not a sufficiently severe nitriding medium to

yield the higher nitride (CrN), and thus the g~a w-a selected

with the intention of getting the dissociation data of the

Cr2e phhse. That no CrN is obtained with nitrogen atmospheres

wan confirmed by the X-ray Investigation reported previously,

and the fact that saJrples of this series dissolved with

relative ease In dilute sulphuric acid.

Though analytical results are at present incomplete,

it Is aDoarent that a relatively large amount of nitrogen

(in the neighborhood of 6%) enters the chromium lottice when

heating in air. In fact, with atmospheres having even very

low partial pressures of nitrogen, this appeers to occur.

3. High Temperature Isotherm

A high temperature (2705OF or 14850C) wsg m~ae

using N2 - He atmospheres (See Fig. 9). This series, though

not yet complete, extends from 100% N2 to 100% He. Thus fnr

five such s-ppreles have been produced.

Upon cooling, the s.amples are sintered to a much

greater extent thon those produced at lower temnerptures,

as could be expected. No oxide film hes thus far been
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encountered, thoueh the sDecomens are virtually air cooled.

A sinmple heated for 20 hours in an atmosphere of

helium has a body centered cubic structure, whereas samples

treated thus at lower temperature showed at least traces of

-- hexaon91 structure.

Most samples made under partial preosures of N2

above I0, contained the hexagonal ihase. The sample made

with 00V% N2 aay contain some CrN. Samples Produced and

plotted thus far are listed in Table V below.

TABLE V

P N2 In atm. Vt.% N recovered Structure

0.14 - 0.15 BCC

.15 .94 - .97 BCC & RCp

.25 8.0 - 8.3

.75 9.45 - 10.00
1.00 12.40 - 12.64 HCP 8 7

Cublc CrN1

4. Hardness Determinations

Hardnese profileg of three of the four suecimens

DreDowred are Presented In Fis. 10. 11, 12. The nltrided

case unon the -pecimen treated for the lowest Period of time

(65 hours) was too shallow to Permit more than one hardness

reading. No profile is hence shown. A nhotomicrogrn-ah of

the hardness readingA as they Ruoeared in the 280 - hour

31
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sample aDpearn an FIR. 13. The nDecimen aDnears unetched.

and In Presented only to show the gradual Increase In

hardness between the matrix and the case. Under the micro-

ncoue the nitrided region appears yellow to brown (light),

and even though the soecimens had a finished surface that

had been activated prior to treatment, the case wan uneven.

The latter was probably due to porosity. A maximum

hardness reading of over 2200 knoop was recorded, which is

probably the nearest to the true hardness of CrN, since

porosity and cracking interfered with most of the readings.

The specimen receiving the most rapid quenching

rate exhibited the highest hardness value. The latter was

the anecimen treated for 130 hours. Each specimen contains

at least one Intermediate hardness value which prob-bly

reDresents the region of the lower nitride, Cr2N, though

the actual hardne.a of Cr2N could best be determined

accurately if the solid Poecimens were treated- in a nitrogen

atmosphere.

5. Determinatior of the Weight Increase due to

Nitriding

The increase in weight of a nnecimen treated in

an atmosphere of 100% NH3 at 10000C has been obaerved qnd

Plotted against time (see Fig. I4).

S After numerous such +-eatments the weight becare

stable, with a weight increase of 43.2 mg in a samnle

originally weighine 286.8 mg. Though this increase Is
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somewhat shor' of what would oorrespond to the stoichiometrio

weight change, X-ray diffraction eave evidence of complete

transformation to CrN. The comnlete transformation was

further Indicated by the extreme difficultv in ditnolvinw

the specimen prior to the micro-KJeldahl analysis.

The main cause of error was formation of some oxide

durinr cooline of the atecimen, and the attack of hydromren

on the Pt reaction boat.

6. Determination of the Effoct of TIme

Since these samples were successively re-treated

without the presence of hydrogen in a nitrogen atmosphere

with uncontrolled dew point, some oxide w-a present In all

specimens.

One sample was treated for one hour in an atmosphere

of 100% N2 at a temperature of lAOOOC. After Dsrt of the

samDle w-e removed for a.n..vsia, the traatment was con4in.ued

for one more hour. and finally for 4 hours 15 minutes mr-re.

The three analyses of the Rample a&Dear in Table VI below.

TAPBLE VI

Totql Tire of Treatment in Hours Analysis Ut.% N

1 2.39 - 2.38

2 3.48 - 3.30

6 1/2 16.60 - 16.3"
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Another sample was treated for longer nerlods of

time. Though finsl analytical results are not complete,

they at prenent apvear erratic due to the presence of oxide

in the samples. They do, however, indicate that the reaction

rate is extremely slow after 20 hours of treatment.

General Comments?

Though the isotherms presented are incomplete, a

definite break in the curve w'ay be observed which would

theoretically indicate the transforration conditions.

However, true equilibrium conditions are attained only with

difficulty, and more then one nhase was found to coexist

after treatment under given conditions of atmosphere and

temDerature. Hence the horizontal platesua should be des-

placed to the right, and higher nitrogen contents corres-

pon'ding to transformations recorded. The data presented

hereby must therefore involve the time factor, which in the

oresent case is one of 3 successive re-treatments, the fzrs't

two lasting 3 hours, and the last laqting 16 hours.

Difficulty has been encountered in correctly identi-

fying the hexagonal phase. In the temperature region near

2nonpF., -here cure Cr should have a body centered cubic

crystal structure, a heyagonal structure has often been ob-

served. This phase may have been Cr 2 N which may have formed

due to improper flushing of the furnace or a leak if the

dissociation pressure of this nitride Is very low. It has

34i
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also been suggested that the structure may be a hydride of

chromium, or even a hexagonal phase of the Dure metal.

Work under way at vresent includen a low temaerature

isotherm using N2 - H2 atmoaDheres at a temperature of about

l4509F. In thin temperature range sinterine of the speclmens

in almost absent, hence equilibrium is believed to be more

early obtainable.

It hap recently been brought to attention that the

nitrogen content of the bottled hydrogen in use at this

laboratory contains a great enough samount of N2 as an im-

purity to yield Cr 2 N after prolonged times of treatment.

This would exvlain the presence of the hexagonal phase which

could heretofore not be identified.

The nitogen could be removed from the bottled

hydrogen by meqna of calcium. This will be done in the

near future.
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APPENDIX I

SC0HEMATIC DIAGRAM OF NITRIDING EQXIWVENT
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APPENDIX II

APDARATUS AND •ROCEDURE FOR NITROGEN
DETERYINATION IN CHROMIUM

Apparatus,

A standard micro-Kjeldghl distillation apoaratus

is used. It Is an all Pyrex glass model, with standard taper

clans Joints and cooks to prevent every Possible contamina-

tion. The steam generating flask has a capacity of 500 ml.

About 70 mi of alkaline solutions can be distilled satis-

factorily without long of ssaDle through sDlashing Past the

uDner bulbs.

Procedure:

The ,rooedure adasted is a modification of one of

Guschbacher's (8) methods.

A 0.1 to 0.2 gram sample is weighed out in a 250

ml Erlemever flask, and 20 ml of dilute (1-4) sulfuric acid

together with 0.1 gram ailenium powder and 5 9m potassium

sulphate are added. Digestion is allowed to proceed for

two hours, whereupon the s.mDle is centrifuged. The solution

is sqved, whereps the residue Is further treated with a

fresh Portion of (10 ml) of concentrated sulfuric acid, 5 ml

concentrated phosphoric acid, together with n.1 gm selenium

and 5 gm potassium sulf-te. Digestion is continued until

the solution anpears clear. The latter takes from 5 to In
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APM&4DIX II (Continued)

hours. The combined liqulds from both digestions are quanti-

tatively diluted to 10n ml and 25 ml sambles distilled over

with 10 ml of 40% sodium hydroxide solution. The ammonia

Iq recovered in 25 ml of 0.01 N hydrochloric acid and the

excess acid backtitrated with standard 0.01 N sodium

hydroxide qolution.

A daily blank Is obtained in similar manner.
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Dissociation Pressure
Partial of Cr2 O3
Pressure of
Oxygen in
Helium

Isotherm at T,

Wgt.% of Oxy. Disslved in Chromium

(c c- Cr2O,

Temperoture

Wgt.% of Oxy. Dissolved in Chromium

Schemcaic of Isotherm Method
Fig. I
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Fig. . Low Temi~ereture Nitriding EqiAlnrent.

Fig. 7. RItgh TeniDervAture Nitriding Furnace.
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ISOTHERM AT 1460°-1485°C

USING N2- HE ATMOSPHERES.
LO.

I
/

/
/

I
I

"-"

U) /
Mi

a.

0I

0.C/) I
o /

w 50.i_

IrI
D

2Y I

0-

o</

.25 /

.01.

WEIGHT % NITROGEN RECOVERED

FIGURE 9

a:.
-- ; . . . . -. - . _ . .. . , . .. . . . . - . : , . . . .-(I)- . . - . . - . . . . . . ,A. . . . , . . . ' . .,-Cn.,- J.. ' ,-. -. .'• .• "• • ,- ,; • , , ,: - - • ,' '...- ' , . ' '. '. ., :. - .. ; -. .. • ; .



I 0
0

W U.

S0

U) 0 wi
z I 0o 0

a: w D

0

0

/ 0
0

JdiVGNfloo 3SVHd

z- I.1-.N>1 S 3N1V

-------



0i

W LL

o TO
w

CL 0: 0I
(p 0
w cuJ
z0 

0
aa

0/0

-U

0

'00

d Sd

,-Olx(dOON)I) SS3NOHVH



ww
I-

IL igo

w

D U)

U0 L 0

W LLE C*J

z a

o-l~ONA SS3a-V



me

Fir.13 Hadna TrvreofNti

The 1 darDect In th~e e one Nrdenrbd ,

and Diotted In Fig. 12,



00

UJ z

Cc

0 Z

0 C- 0

La

0

iO 0

4- z

OD 0 .

w I-

(L 0

o, 0, o w

ON1 NI 3fldViVS J0 .LH9I)M


